Haemophilus influenzae type b (Hib) lipopolysaccharide (LPS) may be present in the cerebrospinal fluid largely as part of outer membrane vesicles (OMV), which could possibly alter its activity. Similar to inoculation of purified Hib LPS, intracisternal inoculation of Hib OMV into adult rats resulted in dose-and time-dependent increases in blood-brain barrier permeability. Polymyxin B, but not an oligosaccharide-specific monoclonal antibody, significantly inhibited the activity of Hib OMV. No change in blood-brain barrier permeability occurred in leukopenic rats inoculated with Hib OMV. Hib OMV was as active as purified Hib LPS on a weight basis and therefore appears to be a relevant vehicle for the delivery of LPS during meningitis.
The factors, either host or bacterial, responsible for significant and often irreversible brain injury during meningitis continue to be elucidated. Haemophillus infliuenzae type b (Hib) remains the most common bacterial cause of meningitis (15) . Previous work from this laboratory has characterized the role of purified Hib lipopolysaccharide (LPS) (20) in the alteration of blood-brain barrier permeability (BBBP) and induction of cerebrospinal fluid (CSF) pleocytosis. Intracisternal inoculation of Hib LPS into adult rats resulted in both dose-and time-dependent alterations in BBBP and CSF inflammation. These effects were significantly attenuated by preincubation of the Hib LPS with either polymixin B (PMB) or neutrophil acyloxyacyl hydrolase but unaffected by LPS preincubation with either of two oligosaccharide-specific monoclonal antibodies prior to inoculation, supporting a dominant role for the lipid A moiety in the biologic activity of LPS. Additionally, intracisternal inoculation of LPS had no effect on BBBP in leukopenic animals, suggesting a crucial role for the host leukocyte in LPS-mediated cerebrovascular injury.
However, it must be emphasized that essentially nothing is known about the physical state The adult-rat model of meningitis was used as previously described (14 (Table 1) . Two hours after inoculation, neither CSF WBC nor BBBP was different from those of saline-challenged controls. The maximal increase in BBBP was observed at 4 h, with evidence of partial reversal at 6 h and a significant decrease at 8 h (P < 0.04) from the observed 4-h peak value. The number of CSF WBC progressively increased from 4 to 8 h following inoculation.
Inoculation of multiple doses of OMV was evaluated at 4 h (the point of maximal BBBP with OMV containing 20 ng of LPS ( Table 2) . Inoculation of OMV containing 200 pg of LPS resulted in a modest but significant increase in both CSF WBC and BBBP. A peak and statistically equivalent increase in BBBP was observed following inoculation of OMV containing 20 ng, 400 ng, or 1 ,ug of LPS. A significant attenuation in this peak response was observed following inoculation with OMV containing 4 jig of LPS (P < 0.05).
Rats were inoculated intracisternally with OMV containing 20 ng of LPS 4 days following cyclophosphamide treatment (mean peripheral WBC, <300/mm3) and then evaluated 4 h later for assessment of CSF WBC and BBBP. No CSF pleocytosis was detected, and BBBP was no different in the leukopenic animals (P = 0.75) and the saline-challenged controls, as previously observed with purified LPS. In addition, BBBP following inoculation with OMV containing 20 ng of LPS was statistically equivalent to that previously observed following inoculation with 20 ng of purified LPS (P = 0.09) ( Table 3) . Intracisternal inoculation of OMV containing 20 ng of LPS preincubated with 2 jig of PMB resulted in a significant attenuation (P < 0.01) in the observed OMV effect on BBBP at 4 h. Preincubation of OMV containing 20 ng of LPS with the 4C4 monoclonal antibody before inoculation did not result in attenuation in the OMV effect on BBBP at 4 h (P = 0.8) ( Table 4) . During actual infection, it is unlikely that LPS is present in a purified state. Gram-negative bacteria (including Hib) have been shown to release LPS as part of OMV during specialized growth conditions (1-3, 7, 11). One report (16) described the presence in the CSF of both cell-associated and free-floating outer membrane blebs during meningococcal meningitis.
It has been noted by others that the physical state of LPS might alter its biologic behavior. Munford et al. (13) compared the biologic activity, high-density lipoprotein binding, and fate following intravenous injection of phenol-extracted Salmonella typhimuriu,m LPS, outer membrane fragments, intact outer membranes, or whole bacteria. The biologic activity was only slightly greater with the phenol-extracted than with the outer membrane-fragment LPS as measured by Limilius lysate assay and rabbit pyrogen test. However, both the phenol-extracted and outer-membrane fragment LPS were equivalent with regard to in vitro and in vivo highdensity-lipoprotein binding, with both showing significantly greater high-density-lipoprotein binding and tissue uptake than either intact outer membranes or whole organisms. Therefore, the only native LPS which resembled extracted LPS in activity was that present as outer membrane fragments. This observation correlated with decreased amounts of protein and phospholipid in these fragments compared with that in intact outer membranes. We previously have shown (20) (20) . Because of this sustained peak, the attenuation in activity previously noted with higher doses of purified LPS (500 ng and 1 pLg) was not observed until doses of >1 [Lg were inoculated. The explanation for this difference is not readily apparent. However, the amount of LPS in any OMV preparation that is available to interact with the host may vary, and subtle or slight differences in activity between OMV and purified LPS might actually exist despite the fact that such differences did not attain statistical significance at the 20-ng-dose level. As noted above, the biologic activities of extracted S. typhimuriun LPS and outer membrane fragment LPS were slightly different (13) . but no statistical evaluation of this difference was described. As noted in our previous study, the attenuation in biologic activity at higher doses of LPS and now OMV is not without precedent (20) , but further study is necessary to explain the mechanism.
In summary, Hib OMV inoculation into rats resulted in both dose-and time-dependent increases in CSF WBC and BBBP. These effects were inhibited by PMB, which specifically interferes with lipid A and depends on an intact neutrophil response, as previously observed with purified Hib LPS (20) . Hib OMV appears to be as active on a weight basis as purified Hib LPS and therefore is a relevant vehicle for the delivery of LPS in vivo during meningitis. 
